Liver function tests carried out after minor surgical procedures, under anaesthesia lasting for 1 hr, showed no abnormalities. Tests after body surface operations under the same anaesthetic techniques showed transient derangements. After intra-abdominal procedures, liver dysfunction was more marked, although no patients with evidence of preoperative liver dysfunction or postoperative surgical complications were studied and none received blood transfusions. Measurements of the serum bilirubin concentration showed the most frequent abnormalities, but the pseudocholinesterase concentration decreased progressively after intra-abdominal surgery and b.s.p. retention increased significantly. Serum concentration of intracellular enzymes (LDH, s.g.o.t. and s.g.p.t.) increased within an hour of starting surgery, changes which were probably not related to liver function.
Several reviews have appeared which by their title suggest a relationship between anaesthesia and liver function (Dykes, 1970; Editorial, 1972) . There is evidence connecting liver dysfunction with halothane (Sherlock, 1971; Reed and Williams, 1972) and particularly with a second administration a few weeks after the first (Mushin, Rosen and Jones, 1971; Inman and Mushin, 1974; Wright et al., 1975) . On the other hand, there have been many studies which do not support this connection, or which suggest the alternative possibility of viral hepatitis as a possible cause (National Halothane Study, 1966; Walton et al., 1972; Simpson, Strunin and Walton, 1973 ). Since it is not possible to prove infective hepatitis as a cause in any individual case of jaundice, the pathologist attributes most deaths following surgery to anaesthesia (particularly if halothane has been given to the patient), unless there is strong evidence to the contrary (Sharpstone, Medley and Williams, 1971) .
Other factors, associated with surgery, may cause jaundice, such as blood transfusion with the possibility of minor blood group incompatibilities, or sepsis in the alimentary tract, leading to portal venous spread to the liver (Lomanto et al., 1972) . Maladministration of anaesthesia resulting in hypoxia or hypotension may cause hepatic damage (Vaizey, 1938) . Handling of the liver also would appear to be a possible factor affecting liver function, in operations in the upper abdomen. breakdown is inseparable from any type of surgery. The less easily defined surgical or traumatic stress which is responsible for other metabolic reactions, such as secretion of antidiuretic hormone from the posterior pituitary gland or cortisol from the adrenal cortex, might be expected to influence the liver also.
Previous work (Clarke et al., 1965 (Clarke et al., , 1974 has shown that body surface surgery lasting approximately 1 hr, under nitrous oxide anaesthesia with intermittent doses of thiopentone, propanidid or Althesin, is followed by an increase in the serum bilirubin concentration. There was also a significant increase in the alanine aminotransferase concentration (s.g.p.t.) and a decrease in the serum pseudocholinesterase concentration, following the administration of either thiopentone or propanidid (Clarke et al., 1965) . There were no such changes after brief minor gynaecological procedures under anaesthesia with nitrous oxide plus ketamine, ethanol, diazepam or Althesin (Clarke et al., 1974) . The cause of the abnormalities in liver function tests in the groups having body surface surgery might be the longer duration of surgery, the greater total dose of intravenous anaesthetic or the type of surgery undertaken.
The present study is in two parts. First, four groups of patients, undergoing either minimal or body surface operations under anaesthesia with nitrous oxide plus intermittent doses of thiopentone or Althesin were studied to evaluate the role of the anaesthetic in the findings described by Clarke and his colleagues (1974) . Some of the patients undergoing body surface surgery, recorded in the present study, were included in the earlier publication. Second, four groups of patients were studied having different types of surgical procedure for which the anaesthetic techniques, duration of anaesthesia and general management were almost identical. This study was designed to identify some of the non-anaesthetic factors in liver dysfunction following surgery. Some of this work has been described briefly by Clarke and Fee (1974) .
METHODS (/) Studies after intermittent intravenous anaesthesia
The four groups of patients are described in table I. All patients were premedicated with atropine 0.6 mg, and anaesthesia was induced with either thiopentone 5 mg/kg or Althesin 55-75 jxlitre/kg. Maintenance was with 75% nitrous oxide in oxygen and further doses of the intravenous anaesthetic as required to prevent reflex movements. Surgical procedures have been grouped as minimal (cystoscopy, removal of a sebaceous cyst, or superficial biopsy) and body surface (hemiorrhaphy, ligation and stripping of varicose veins, or total mastectomy). Regardless of the procedure, all anaesthetics lasted for 60-75 min. All patients had 12 hr of starvation before operation and an i.v. infusion of 500-1500 ml of compound sodium lactate solution B.P. (Hartmann's solution) was given during the course of the day. All were, in fact, able to take fluids by mouth on the evening after operation, followed by a light diet on the following day.
Blood samples for liver function tests were taken immediately before anaesthesia and at 6, 24 and 96 hr after the start of anaesthesia. Four estimations were made by the SMA-12/60 multiple analyser: bilirubin by an adaptation of the method of Jendrassik and Grof (1938) , alkaline phosphatase (Morganstern et al., 1965) , aspartate aminotransferase (s.g.o.t.) (Morganstern et al., 1966) and lactate dehydrogenase (LDH) (Hochella and Weinhouse, 1965) . Alanine aminotransferase (s.g.p.t.) was measured by the method of King (1960) and the serum pseudocholinesterase concentration by that of Michel (1949 surgical procedures. All the patients were premedicated with atropine 0.6 mg and induction of anaesthesia was with thiopentone 5 mg/kg, followed by tubocurarine 0.5 mg/kg, 75% nitrous oxide in oxygen and methoxyflurane 0.2%. Small incremental doses of thiopentone or tubocurarine were given when required and controlled ventilation was maintained throughout. Methoxyflurane was discontinued approximately 10 min before the end of surgery and paralysis was reversed by the injection of atropine 1.2 mg and neostigmine 2.5 mg. The duration of anaesthesia was 60-75 min. The blood loss did not exceed 200 ml in any operation and blood was not administered. Starvation before operation and fluid replacement for the patients having minimal and body surface surgery were as in (I). Patients having intra-abdominal surgery had the usual restriction of oral feeding, and i.v. fluid therapy was continued until solid feeding had been restarted. Patients recovering from surgery of the biliary tract had a "light diet" from about 48 hr and patients after gastric surgery the same diet from 96 hr. The caloric intake until oral feeding was started was about 500 cal/day, increasing thereafter to 1500 cal/day.
TABLE V. Results of liver function tests (II) (continued from table IV). Conventions as in
Blood samples for liver function tests were taken on the day before surgery and at 1, 6, 24 and 96 hr after the start of anaesthesia. In addition to the tests included in (I), bromsulphthalein (b.s.p.) retention was measured by the injection of 5 mg/kg of the dye into the antecubital veins of one forearm and sampling from the opposite forearm after 45 min (Mateer et al., 1943) . Gamma-glutamyl transpeptidase (y-GT) (Szasz, 1969) , the direct or soluble bilirubin (Powell, 1944) and plasma haemoglobin concentration (Cripps, 1968) were measured. These latter tests, together with the s.g.p.t. and pseudocholinesterase estimations, were performed only on the day before surgery and at 24 and 96 hr after surgery. Comparison of data was by the paired Student t test, comparing the control data with the 1,-6-, 24-or 96-hr values.
RESULTS
There was no significant difference between the minimal surgery group and the others in respect of liver function tests before operation.
(/) Studies after intermittent intravenous anaesthesia Table III shows that in the group of patients having minimal surgery there was no significant adverse change in any of the tests over the first 4 day following surgery. This applied both to those patients who were anaesthetized with thiopentone and to those who received Althesin. However, there was a decrease in the serum bilirubin concentration to less than the control value on the 4th day after operation in those who received thiopentone and Althesin.
Patients having body surface operations had a progressive increase in serum bilirubin over the first 24 hr, decreasing to the control value or less by the 4th day after surgery. The increase following both agents was not significant at 6 hr, but was highly significant at 24 hr. In both anaesthetic groups the 96-hr values were less than those of the controls, but the difference was not significant.
Other tests showed a less consistent pattern, but there was a significant increase in s.g.o.t. between 0 and 6 hr following body surface surgery under thiopentone-nitrous oxide anaesthesia. The pseudocholinesterase concentration decreased progressively over the 96 hr after body surface surgery in both anaesthetic groups. After thiopentone only the decrease at 96 hr was significant. After Althesin there was a significant decrease at both 24 and 96 hr. the tests. After moderate surgery the serum bilirubin concentration increased significantly over the first 24 hr ( fig. 1 ). Thereafter it decreased to less than the control value and, although the 96-hr value was not significantly less than the control, in groups 1 and 2, the decrease was comparable with those observed in part (I). Attempts to fractionate the increase into soluble bilirubin (conjugated in the liver) and insoluble bilirubin (non-conjugated) showed only a small, non-significant increase in the soluble fraction. The increase in bilirubin after gastric surgery was similar in magnitude to the other groups at 24 hr but increased further during the next 3 days. Again this was attributable mainly to an increase in the nonconjugated fraction.
After biliary tract surgery there was a steady and large increase in bilirubin concentration from the end of surgery. This was significant at 6 hr, reaching a mean value of 1.26 mg/100 ml at 24 hr, remaining increased at the 96-hr sample. In this group the soluble fraction had increased significantly at 24 hr after surgery but had decreased towards normal by 96 hr.
There was no significant change in the plasma haemoglobin concentration in any of the groups studied.
There were no significant changes in the other liver function tests in the patients undergoing minimal surgery (table V). After moderate surgery there was a small but significant increase in b.s.p. retention at 24 hr.
In the patients undergoing intra-abdominal surgery there were various enzyme changes which were often at the maximum value about the time at which surgery ended, decreasing to normal by 96 hr. After gastric operations, LDH and s.g.o.t. were increased markedly at 1, 6 and 24 hr ( fig. 2) . S.g.p.t. was not measured at 1 and 6 hr, but was increased at 24 hr. The pseudocholinesterase concentration decreased progressively from the control value, at 1 and 4 day and the b.s.p. retention was increased on both occasions on which it was measured.
The changes after surgery of the biliary tract were similar to those after gastric surgery, with increased LDH, s.g.o.t. and s.g.p.t. values at the same times after operation. The decrease in pseudocholinesterase was similar in extent but only statistically significant on the 4th day, and the b.s.p. rentention was increased to a similar extent at 1 and 4 days.
The alkaline phosphatase and y-GT were not changed significantly in any of the groups of patients at any time.
DISCUSSION
It is clear from the studies of liver function after minimal surgery that certain anaesthetic techniques, maintained for 1 hr, have no deleterious effect on liver function. Thiopentone up to a mean total dose of 16 mg/kg and Althesin up to a mean total dose of 0.19 ml/kg (11ml) together with nitrous oxide, cause no increase in the serum bilirubin concentration, liberation of intracellular enzymes or decrease in pseudocholinesterase concentration. The changes recorded by Clarke and his colleagues (1974) are therefore unlikely to be a result of the large total dose of intravenous anaesthetic but rather of a factor connected with the surgical procedure. The conclusions from the second part of the study, in which patients received thiopentone, pancuronium, nitrous oxide and methoxyflurane support the same conclusions. This information would merely add to the large number of negative findings (Kirwan et al., 1965; Kirwan, Dundee and Neill, 1965) if it were not for the positive findings in patients anaesthetized by the same technique and undergoing moderate or major surgery. The results in parts (I) and (II) from patients undergoing operations of moderate severity appear to be similar and will be discussed together. The serum bilirubin concentration increased to a small but significant extent in groups of patients undergoing operations such as herniorrhaphy, vagotomy and gastroenterostomy, or cholecystectomy. However, the value was greatest in the patients having biliary tract surgery. On the whole the increase was mainly in the non-conjugated fraction, suggesting a hepatic or pre-hepatic cause rather than biliary tract obstruction (Sherlock, 1968) . Bilirubinaemia may result from an increased rate of breakdown of erythrocytes but it has not been possible to detect any increase in circulating free haemoglobin by the methods used. However, any increase in haemoglobin could be cleared rapidly by the liver and converted to bilirubin. It would appear that a direct effect of the anaesthetic agent, causing haemolysis, can be excluded on the basis of both the present two groups of patients undergoing minimal surgery, and the earlier studies of Dundee (1955) . Surgical trauma causing very transient haemolysis cannot be excluded as a factor, though in view of the changes in other liver function tests it is unlikely to be the sole factor.
The alkaline phosphatase concentration, which mainly reflects biliary tract obstruction (Sherlock, 1968) , was unaffected in any of the groups studied. Similarly, the gamma glutamyl transpeptidase, a test which detects chronic liver disorders, acute drug sensitivity, and acute alcoholic damage, was unchanged. It has been shown that it is not as much affected by hepatitis as are the transaminases (Zein and Discombe, 1970; Keane et al., 1973) . These two tests may have a general diagnostic value because marked alterations in a particular patient may be assumed not to be a result of reactions after operation or to hepatitis, but of a specific episode of drug intoxication.
The intracellular enzymes LDH, s.g.o.t. and s.g.p.t. were increased during and after both types of abdominal surgery. In general they returned progressively towards normal from the early peak. Since they are liberated when muscle is damaged, it is likely that direct trauma played an important part in the increase.
The pseudocholinesterase concentration, on the other hand, decreased mainly in the later postoperative period. It was affected in some of the groups having body surface surgery and in both groups having abdominal surgery. It is a test of hepatic synthesizing capacity and may be presumed to indicate a temporary derangement of this. It is the only test which does not appear to have returned towards control values and it is unfortunate that no later estimations were made.
B.s.p. retention showed a gradation of increase after operation from the small but significant change in group 2 to the high value (range 5-33%) in group 4. The figures suggest that the maximum effect occurs within the first 4 days, whereas pseudocholinesterase may not have reached its lowest value even in 96 hr. These changes are in agreement with earlier studies (Tagnon, Robbins and Nichols, 1948; Fairlie et al., 1951) which showed that surgery in the lower abdomen or body surface produce significant b.s.p. retention in the majority of patients. Surgery in the neighbourhood of the liver produced more definite hepatic dysfunction.
Before concluding that the surgical procedure is responsible for the various alterations in liver function described above, other possibilities should be considered. The type of patient in the groups being compared shows no pattern of age, weight or preoperative liver function tests which would account for the differing behaviour observed after operation. With such large batteries of tests some patients did, for instance, have an abnormally increased enzyme value in one test before operation. These patients were not excluded and subsequent tests usually suggested that this may have been purely a chance finding, not related to liver function in general. The preparation of all patients before surgery was similar and the duration of anaesthesia in the various groups was comparable also. All patients had i.v. fluid replacement during the operation, but none required or received blood transfusion.
After operation there were inevitable minor variations for, while all patients had adequate fluid replacement i.v. and later by mouth, the nutritional content varied. The patients having minimal and moderate surgery were usually able to have a light diet in the evening of operation and were eating almost normally on the following day. Patients having biliary tract surgery had a slower return to full feeding and patients recovering from gastric surgery were slower still. Measurements of total serum bilirubin have been made during fasting in both normal subjects and those with hepatic disease (Barrett, 1971) . In both groups of patients there was an increase over a 2-day period to approximately twice the control value. In fact a small increase is apparent even after normal over-night starvation (Stengle and Schade, 1957) . This increase amounted in one case to 278% (0.68-1.87 mg/100 ml) over 48 hr and was common to total and conjugated bilirubin. There is less information on changes in other liver function tests during a period of fasting, but measurements have been made in obese patients undergoing therapeutic starvation (Rosenthal et al., 1967) . The periods of starvation were 14-30 day and there were no consistent changes in bilirubin, s.g.o.t, s.g.p.t. or LDH. However, there was a marked increase in b.s.p. retention in all patients. The relevance of these findings on starvation to those in the present study is uncertain because of the variable degree of caloric intake. However it might be said that while no patients were fasting completely after operation, the effects of starvation must be included with the effects of surgery in the study.
The alterations in liver function occurring after operation may be related to changes in splanchnic blood flow and oxygen consumption. These have been measured by Epstein and his colleagues (1966) , Cooperman, Warden and Price (1968) and by Libonati and co-workers (1973) . Libonati's group have shown that all anaesthetic techniques so far studied cause a greater reduction in splanchnic blood flow than in oxygen consumption. The least hypoxic effect appeared to be associated with halothane, with which the ratio of splanchnic blood flow to oxygen consumption was 0.85, and the greatest effect was associated with methoxyflurane (ratio 0.55), both agents being studied during both spontaneous and controlled ventilation. However, a technique using nitrous oxide, tubocurarine and moderate hyperventilation produced a ratio 0.59 which is very similar to methoxyflurane. They found no change in splanchnic lactate/pyruvate ratios which would support the suggestion of splanchnic hypoxia. In spite of these findings, although the type of anaesthesia used by the above workers was very similar to the type used in the present study, it is difficult to see that they have any bearing on the changes described following surgery, if only because they vary with the type of surgery being performed.
Other factors which may cause liver damage, such as hypoxia, hypotension and gastro-intestinal sepsis, have been excluded from this series and the cause of the derangements in liver function must be related to the surgical operation. Haemolysis may be a factor in the increase in serum bilirubin concentration, but the diminished b.s.p. clearance and the decrease in pseudocholinesterase suggest a generalized disturbance of liver function. Since these occur to some extent even after operations remote from the liver, it seems reasonable to conclude that it is the traumatic stress of surgery which is reponsible. This is known to cause increased sympathetic nervous activity, an increase in circulating cortisol, free fatty acids, blood sugar and antidiuretic hormone, and increased protein catabolism (Moore, 1959; Plumpton, Besserand Cole, 1969; Clarke, Johnston and Sheridan, 4970) . Therefore, changes in liver function are to be expected. It is unfortunate that the knowledge that chloroform and other halogenated hydrocarbons are toxic to the liver has caused so much emphasis to be placed on the effects of anaesthesia as compared with those of surgical trauma.
It is difficult to evaluate the significance of the changes in liver function tests and it may be that these alterations are no more dangerous than the fluctuations in blood sugar concentration with and without food intake. However, it would seem to be important to know of consistent alterations in the various serum constituents, especially those related to surgery. A knowledge of the normal changes is particularly important in evaluating excessive alterations which may be related to anaesthesia.
CHANGEMENTS DANS LES FONCTIONS HEPATIQUES APRES DIFFERENTS TYPES DE CHIRURGIE

RESUME
Les examens des fonctions hepatiques effectues apres des interventions chirurgicales mineures sous anesthfisie qui a dure une heure, n'ont fait ressortir aucune anomalie. 
